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Abstract 
Optimisation studies on post blended crude palm and rubber seed oil methyl esters were investigated. Post blended characteristics 
of methyl esters have been studied before and after vacuum distillation. The fuel properties of methyl esters met the international 
criteria of EN 14214 and ASTM D6751. Influential parameters that effects transesterification reaction have been analysed and 
optimised by response surface methodology. Catalyst loading and reaction temperature are the most influential variables which 
effects the methyl esters conversion. The optimised values were found to be alcohol to oil ratio of 6:1, catalyst loading of 1 wt%, 
reaction temperature of 65oC and reaction time of 2.5h.       
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Nomenclature 
CPO Crude palm oil 
RSO Rubber seed oil 
RSM Response surface methodology  
CCD      Central composite design 
FAME   Fatty acid methyl ester 
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1. Introduction 
Fossil fuels depletion has become a highly emphasised concern nowadays in this fast moving world. Fossil fuel has 
been expected as a major source of energy in the world. It has been supported by the research stating that the 
estimated percentage of transportation using fossil based liquid fuels is 97.6% whereas 2.4% remaining is relying on 
gaseous fossil fuels [1, 6]. Fossil fuel is in high demand for the growth of other sectors such as industry sector, 
automotive sector and even for basic living. Therefore, alternative and renewable fuels are being explored in order 
to overcome the crisis of fossil fuels depletion. Malaysia, as a resourceful country, has brought hopes to world fuel 
demand because mineral-rich resources can be discovered everywhere in the country. Renewable fuels which are 
more environmental-friendly, sustainable and pump up economic efficient are under exploration. Biomass, biogas, 
bioethanol and biodiesel are undeniably being focused as these products meet the criteria as renewable fuels. Among 
all, biodiesel or methyl esters have been selected as the most preferable alternative fuel because of its characteristics. 
Methyl esters can be readily mixed with fossil diesel fuel without any further modification. In addition, by using 
available technologies, biodiesel production can be enhanced to a satisfying level [2-3]. The lower emission of 
greenhouse gases from pure biodiesel has brought itself to be more desirable renewable fuel [9].  
 
Palm plantations are continuously increased at the rate of 4.4% per annum to fulfil both local and international 
demands for biodiesel production. Since that 95% of world biodiesel are produced from edible oil, serious concern 
has arisen over the reliability of this edible oil that if it is still harnessing in the same manner it will undoubtedly 
compete with the food resources. Therefore after seeing that, utilising the non-edible oil is the best solution for 
biodiesel production to avoid the food crisis [4-5, 7]. Malaysia has a huge amount of rubber seeds oil plantation 
which are still not utilised as sustainable fuel at commercial extent. Association of Natural Rubber approximated 
that about 1.2 million hectares of unutilised rubber seed is cultivated in Malaysia. Rubber seed as non-edible oil has 
better low temperature properties and has a significant potential to replace palm oil methyl esters that will hence 
boost Malaysian economy [5, 11]. Rubber seed oil can successfully contribute as a potential non edible feedstock for 
biodiesel production [2, 8]. 
 
 
In the current study, crude palm oil (CPO) and rubber seed oil (RSO) methyl esters were produced independently 
by base transesterification reaction. The both methyl esters than post blended with different ratios and characterize 
according to ASTM D6751 and EN 14214 standards for biodiesel production. The design expert 8.0 software was 
implemented Response Surface Methodology (RSM) for the optimization of the process parameters that affects 
conversion of methyl esters [10]. The experimental design employed by using Central Composite Design (CCD). 
The suitable modeling techniques from the RSM helps to predicts the optimum values at higher yield of output 
response within the range of experimental design by CCD. Base transesterification reaction was affected by same 
variables as acid esterification and response surface methodology (RSM) was adopted to assess the parametric effect 
of four independent variables i.e. alcohol to oil molar ratio, catalyst loading, reaction temperature and time on fatty 
acid methyl esters (FAME) conversion of CPO and RSO. FAME is considered as an output response for a given set 
of variables. Design Expert 8.0 software designed 21 experiments using CCD under RSM approach. All the 
experiments were performed according to the designed runs and each run was operated by following the purpose set 
of process conditions. For each designed run, FAME conversion was measured as a response variable. Biodiesel 
quality was enhanced by   
2. Materials and Methodology 
2.1. Chemicals 
Crude palm oil was purchased from the local industry called Felcura Chemicals Sdn Bhd, Seri Iskandar Perak 
Malaysia. While, crude rubber seed oil was import from the Vietnam via Kinetics Chemicals Sdn Bhd, Malaysia. 
Methanol, sodium hydroxide pellets, anhydrous sodium sulphate, isopropanol, toluene, phenolphthalein, and 
sulphuric acid were procured from the Merck (Darmstadt) Germany. All the chemicals used were analytical grade. 
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Fatty Acid Methyl Esters (FAME) pure standards were purchased from the Sigma Chemical Company (St. Louis, 
MO, USA). 
2.2. Feedstock characterization and pretreatment 
Acid Value, moisture content, fatty acid composition, moisture content, flash point, higher heating content, 
saponification value and iodine values were investigate in order to characterise the feedstock oil. The chracterisation 
of feedstock referred to our previous research work [2, 5, 11].  If the feedstock exhibits the free fatty acid percentage 
more than 2% than it must under goes the pretreatment with strong acid to reduce its free fatty acid percentage and 
process called the acid esterification. The pretreatment procedure is same as reported previously [11-12]. 
2.3. Experimental Design 
The experiment design for the both CPO and RSO base transesterification carried out by the help of the design 
expert 8.0 software. The CCD design implemented with the four independent process input variables with two levels 
design and RSM technique was employed to get optimised conditions for base transesterification process. The CCD 
and RSM considered as the most economic and effective way to get experimental design along with the optimised 
values [10]. It helps efficiently to analyze the relation between the input variables and the output response variable. 
The output response for the base transesterification the FAME conversion which obtained using gas 
chromatographer- flame ionization detector and procedure stated in our previous research work [11]. 
RSM was chosen to optimise the parameters as it is a simple, inexpensive and relatively effective method. The 
modeling and analysis of designed data was interpreted by using statistical and mathematical approaches. RSM 
analyzes the response with respect to the design variables and its main goal is to determine the optimized value for 
the response at a given set of variables. Experimental design was employed by using CCD is regarded as the most 
economic and effective way of designing experiments [5, 10]. By implementing the CCD, four process variables and 
five level design was employed in order to conduct the parametric study and obtained the optimized conditions. 
Base transesterification design of CPO and RSO determined the centre points replicate runs to be at alcohol to oil 
molar ratio of 8, reaction temperature of 55oC, catalyst loading 1.5 g and reaction time of 2 hr. After the 
optimization of process parameters, three replicate runs were experimentally determined at optimized conditions to 
ensure minimization of error between actual versus predicted values. The parametric interactions were studied with 
the help of 3- dimensional (3-D) curves. Table 1 shows the detailed experimental designed run along with its output 
response variables for CPO and RSO. The FAME conversion achieved here between the minimum and maximum 
ranges of 55-99% for CPO, and 50-97 wt % for RSOV. 
2.4. Base Transesterification and vacuum distillation Procedure 
A known amount of CPO or RSO after pre-treatment was poured into the three necked round bottom flask. The 
flask is than placed in the water bath adjusted on the hot plate heater. The condenser was inserted in the centre neck 
of the flask to avoid alcohol losses and on the other sides; thermometer with cork was connected to measure 
temperature. Meanwhile, the oil was warmed by adjusting the temperature of hot plate to 60oC. The required amount 
of methanol and sodium hydroxide catalyst were poured from the one neck of flask. The mixing was done with the 
help of the magnetic stirrer at the constant speed of 400rpm. The required temperature is maintained for the 
specified reaction time. After the reaction completion, mixture was then poured into the separating funnel. The 
mixture is allowed to separate for 12 hr under gravity. Separated mixture appeared in the form of two immiscible 
layers. The upper layer contained the fatty acid methyl esters and lower layer have glycerol as a by-product. The 
upper layer was separated and washed with the deionised warm water in order to remove impurities. The residual 
water and alcohol still present even after washing. It was removed from the methyl esters via vacuum distillation 
column of 5L capacity. The methyl esters feed to the re-boiler with the help of dosing pump attached to pre-heater 
mixture. The temperature of distillation column was raised to 110oC. The vacuum of -1.5 bar was created by 
attached vacuum pump with the column. The water and alcohol vapors distilled out and collected in a container 
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attached with the condensers. Distillation column was operated automatically with the electrical panel and computer. 
To ensure the minimum moisture in the end product, 10 g of anhydrous sodium sulphate was added in the product 
followed by filtration. The same procedure was followed for other experimental design runs. 
 
Table1. Detailed experimental designed runs with associated response 
3. Results and Discussion  
3.1. ANOVA Analysis 
ANOVA (analysis of variance) was employed to statistically analyze the output response (FAME conversion). In 
Table 2 the model p-values obtained were less than 0.05, which implies that the model are significant for CPO and 
RSOV designed variables with respect to the response. The highest F-values for the catalyst loading and reaction 
time indicate a higher influence of these two variables on the output response. Alcohol to oil ratio and reaction 
temperature was less significant input variables as compared to the others. Most of the combined manipulated 
variables show least significant behavior based on their p-values. The output response (FAME yield) was fitted to 
the input process variables through regression analysis (R2). The regression analysis produced response surface 
equations for the output response model in terms of actual and coded terms. These equations represent a second 
order polynomial regression model. The regression model equations of the most significant variables for the output 
response are given below for CPO and RSO respectively.               
Experimental 
Run 
Alcohol to Oil 
Ratio 
Catalyst 
Loading 
(wt%) 
Reaction 
Temperature 
(0C) 
Reaction 
Time 
(hour) 
Response 
FAME 
Conversion 
of CPO 
(%) 
Response 
FAME 
Conversion 
of RSO 
(%) 
1 08.00 1.50 55.00 3.68 82.00 79.00 
2 08.00 1.50 55.00 0.30 58.00 72.00 
3 06.00 1.00 45.00 1.00 88.00 92.00 
4 10.00 2.00 45.00 1.00 90.00 85.00 
5 08.00 0.66 55.00 2.00 97.50 70.00 
6 11.36 1.50 55.00 2.00 95.00 88.32 
7 08.00 1.50 55.00 2.00 97.00 83.00 
8 10.00 1.00 45.00 3.00 87.60 78.00 
9 08.00 1.50 40.00 2.00 92.00 77.00 
10 08.00 1.50 55.00 2.00 96.00 83.00 
11 08.00 2.34 55.00 2.00 55.00 71.00 
12 08.00 1.50 55.00 2.00 97.00 85.00 
13 06.00 2.00 45.00 3.00 74.20 50.00 
14 10.00 2.00 65.00 1.00 66.70 85.00 
15 06.00 2.00 65.00 3.00 80.10 90.00 
16 08.00 1.50 70.00 2.00 86.20 81.00 
17 06.00 1.00 65.00 1.00 88.80 97.00 
18 08.00 1.50 55.00 2.00 99.00 83.00 
19 08.00 1.50 55.00 2.00 96.00 84.00 
20 10.00 1.00 65.00 3.00 78.20 75.00 
21 04.64 1.50 55.00 2.00 92.70 92.00 
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FAME (CPO) = +95.89 - 12.64 x B  - 2.62 x C + 7.14 x D + 8.81 x A x B       Eq. (1.1) 
                               - 8.69 x A x D – 1.10 x B x C 
FAME (RSO) = +82.65 + 3.57 x C + 10.33 x A x B – 6.0 x A x C + 4.75 x B x C      Eq. (1.2) 
                           + 4.0 x C x D  
 
Table 2. Statistical terms of ANOVA 
 CPO RSO 
F-Value (model) 15.77 7.35 
P-Value (model) 0.0014 0.0109 
R2 0.9735 0.9449 
Adjusted R2 0.9118 0.8163 
Adequate Precision  13.182 11.998 
 
Regression coefficients for CPO and RSOV show that the models can be used for prediction of output response 
with reasonable precision. An adequate precision determines the signal to noise ratio in which a ratio greater than 4 
is desirable. 
3.2. Parametric Analysis 
Methanol as an alcohol was used at different molar ratio to study its effect on FAME conversion. 
Stoicheomertically, 3 moles of alcohol are needed for transesterification reaction but practically the alcohol amount 
is set higher than the stoichiometric value to shift the equilibrium towards product side. It had been noted that 
without shifting the equilibrium towards product side, transesterification resulted in lower FAME conversion [5]. 
Current study shows that alcohol to oil ratio of 6:1 gives excellent results for maximum FAME conversion. FAME 
conversion decreased if alcohol to oil ratio exceeded 6 due to saponification reaction. Excessive alcohol in 
transesterification reaction posed poor product separation from the byproducts. Several researchers found that 
maximum FAME conversion occurred at alcohol to oil ratio of 6 [6, 8]. 
Catalyst loading significantly affected the FAME conversion and it is also one of the influential variables 
understudied. In current study, 1wt % of KOH as the base catalyst resulted in higher FAME conversion for both 
CPO and RSO as shown in Figure 1. The conversion dropped as catalyst concentration exceeded 1wt% because it 
enhanced the saponification reaction and higher glycerol formation was observed.  
Figure 1 represents the combined effect of alcohol to oil ratio and catalyst loading on FAME conversion. For 
CPO, catalyst and alcohol to oil ratio resulted in maximum conversion at 1w% and 6. At constant catalyst loading of 
1wt%, FAME conversion decreased by 14.9 wt% by increasing alcohol to oil ratio from 6-10. Similarly, FAME 
conversion decreased to 30 wt% by varying the catalyst loading at constant alcohol ratio of 6. Similar effects was 
observed for RSO shown in Figure 1, it depicts maximum conversion at alcohol to oil ratio of 6 and catalyst loading 
of 1wt%. Figure 2 shows the combined effect of reaction time and temperature on FAME conversion. For CPO, 
FAME conversion was significantly increased by 10 wt% at constant temperature of 45oC. Reaction time is an 
important variable which independently effect the FAME conversion. Elongated reaction time shows significant 
effect on FAME conversion. But from Figure 2 it was noted that the first 25-30 minutes of reaction time was enough 
to convert the maximum amount of methyl esters. After the initial 25 minutes, FAME was converted at slower rate 
and steady state was achieved approximately after 3 hr. For CPO, Figure 2 shows that FAME conversion increased 
by 10% for varying time from 1-2 hr and at constant temperature of 45oC. Similarly, reaction temperature also 
participated in FAME conversion and it’s varied between 45-65oC so as not to exceed the boiling point of alcohol. 
By increasing the temperature, FAME conversion reaction rate increases and it helps to push the reaction towards 
product side.  
Numerical optimization employed to get optimised conditions for given set of ranges on which parametric studies 
conducted using RSM. For CPO, maximum FAME conversion was obtained at alcohol to oil ratio of 8, catalyst 
loading of 1.5 wt%, reaction temperature of 55oC and reaction time of 2 hour. Whereas for RSO, the maximum 
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FAME conversion was achieved at alcohol to oil ratio of 6, catalyst loading of 1 wt %,  reaction temperature of 65oC 
and reaction time of 1 hr. 
 
 
 
 
 
 
(a)                                                                               (b) 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Effect of alcohol to oil ratio and catalyst loading on FAME conversion (a) CPO (b) RSO 
 
 
            (a)                                                                                   (b)                                       
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Effect of reaction temperature and time on FAME conversion (a) CPO (b) RSO 
3.3. Fuel Properties 
The fuel properties of post blended FAME were tested according to international standards of EN 14214 and 
ASTM D6751 as depicted in Table 3. The fuel properties were compared before and after FAME underwent vacuum 
distillation for purification. The properties such as density, viscosity, flash point, cold point and pour point 
successfully improved after the purification via vacuum distillation column. Water content and methanol content 
were higher prior to distillation. After vacuum distillation, methanol and water content significantly reduced to an 
acceptable international limit. Thus, flash point of FAME was fluctuating with the presence of methanol content. If 
the flash point of fuel is not within the international limits, there might be chances of catching fire due to flashing of 
ignition in the fuel. Cetane number was also improved after vacuum distillation. Because methanol or water content 
in the fuel increased the knocking when used in an engine. Post blending of CPO methyl esters with RSO methyl 
esters remarkably enhanced the oxidation stability and low temperature properties of the fuel. Higher content of 
saturated fatty acid in CPO methyl esters imposed negative impacts on low temperature properties but better terms 
of oxidation stability. Whereas, unsaturated fatty acid content in RSO methyl esters makes it suitable for the 
utilization in the cold regions but it is not stable to oxidation. Unsaturated fatty acid content in RSO contributes 
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highly reactivity with air or light. It is due to the presence of double or triple bonds in unsaturated fatty acids which 
played a major role to be oxidized. Oxidation stability is a matter of interest as methyl esters cannot be kept beyond 
certain period. For best usage, standardization and quality assurance, neat biodiesel has to be stored well to maintain 
its properties and stability. The Rancimat method (EN 14112) is listed to determine its oxidative stability based on 
specification in ASTM D6751 and EN 14214. A minimum induction period (IP) of 3 hours is required for ASTM 
D6751; whereas stricter limit of 6 hours or greater is denoted in EN14214 All the fuel properties lie within the range 
of other researcher’s work.     
 
Table 3. Fuel properties of post blended methyl esters 
 
Property 
Unit ASTM 
Criteria  
EN 
Criteria 
Blended 
methyl 
esters 
CPO:RSO 
50:50 
Distilled 
blended 
methyl 
esters 
CPO:RSO 
50:50 
Distilled 
pure 
CPO 
methyl 
esters 
Distilled 
pure 
RSO 
methyl 
esters 
Esters % mass - 96.5 min 98.5 98.5 99 97 
Density g/cm3 - 0.860-
0.900 
0.981 0.872 0.862 0.878 
Kinematic 
Viscosity 
cSt 1.9-6.0 3.5-5.0 5.7 3.4 4.2 3.8 
Flash point  oC 130 min 120 min       80 151 156 152 
Water Content % volume 
0.05 
max 
0.05 
max 
0.4 0.01 0.01 0.02 
Cetane number No units 47 min 51 min 44 51.2 52.5 50.9 
Methanol 
content 
Pass/Fail 
97oC 
min 
- 
Fail Pass Pass Pass 
Heating Value KJ/g - 35 min 38.2 39.5 40.8 39.7 
Acid number mgKOH/g 0.5max 0.5 max 0.51 0.38 0.39 0.42 
Cloud Point oC - - 16.4 10.5 11.30 10 
Pour Point oC - - 4 2.2 3 1 
Oxidation 
Stability 
hr 3 min 6 min 
13.2 15.1 24 4 
4. Conclusion 
Post blended methyl esters were produced by base transesterification reaction using CPO and RSO. Optmised 
conditions and parametric analysis were carried out successfully by RSM. The optmised conditions have been 
determined by numerical optmisation technique in RSM. The optimised values were found to be alcohol to oil ratio 
of 6:1, catalyst loading of 1 wt%, reaction temperature of 65oC and reaction time of 2.5h. The capability of vacuum 
distillation column to enhance fuel properties was demonstrated. The performance of vacuum distillation column 
significantly improved the low-temperature and oxidation stability of fuel where it resulted in intensed removal of 
methanol and water content. All the fuel properties were show excellent matched with EN 14214 and ASTM D6751 
standards.    
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